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To all whom 1t may concern:
Be it known that I, Laurence A.

- Hawxixns, a citizen of the Umted States, re-

]

10

siding at Schenectady, in the c(}unty of
Schenectady, State. of New York, have in-
vented certain new and useful Improvements

in Dynamo-Electric Machines, of which the |

following is a specification.

My mventmn relates to synchronous alter-
nating-current machines, and is-particularly
apphcable to machines having stationary
armatures In which the number of armature
coils is ordinarily an exact multiple of the

~ number of field poles, and its object is to

(B
ot

30

40

1
oy

st
-t

- small.

ally.

provide a novel construction and winding
arrangement, whereby . the production of
lnrmomeg in the 1nduced voltage of - the

‘machine is avoided. |
If it were possible completely to distribute

the armature winding of a machine, it
would be easy to obtaln a true sine wave,
but in practice the armature coils are placed
in slots, and the number of slots per pole

is limited. The slots per pole must be di-
- vided- between the several phases, so that

the number of coils per phase per pole 1s
In machines with a large number of
poles the number of slots per pole per phase

15 usually two or three. This concentration
of the winding is lll{ely to result in pro-

nounced harmonics in the wave of induced

electromotive foree, and if the circuit con-
ditions are such as to accentuate the effect

~of the harmonics, they may create a dl’StHI’b

ance on the system. r
- It has been proposed heretofore to obtain

the effect of a more or less complete distri-

bution of the armature winding by an un-
symmetrical arrangement of the ﬁeld poles,

‘such that corresponding armature coils be-
‘neath adjacent poles do not lie in quite the
same-position with respect to those poles at

the same instant. This .construction, how-
ever, produces an unbalancing of the- field
magnet, both me:chamc&lly and magnetlc-

By my invention T am enabled to obtain

‘the same results without disturbing the sym- -
metry of the field ma

gnet. 1 accomplish this
by prowdmg a number of slots 1n the arma-

ture shightly in excess of that which would
ordmarlly be employed,~—or, in other words,
slightly 1n excess oi the number required to
receive the armature coils. If these slots are

evenly spaced. it results that corresponding

|

| coll pitch being 6 slots

coils of the winding beneath adjacent poles

are in somewhat different positions with
respect to those poles at the same instant,
premsely s ‘thouﬂh the- field poles were
shifted. It is not necesbafy to employ arma-
ture coils of different widths., ©On the con-
trary, the winding may be composed of
form-wound coilg, all of uniform pitch, as in
a standard machine. Furthermore, by Prop-
erly selecting the number of slots, and pProp-
erly placmﬂ the coils il the sl-ats, 2 symumnet-
rical phase relaiion of the mduced voltages
in a polyphase ma(,hm% may be ohiz m%
My invention will best be: understecod by
reference to the accompanying draw mrs? in

which—

Figure 1 shows a dmgm minatlc dw’@?ep-
ment of a machine arranged in accordance

‘with my invention In its sunplﬂs,., forms

¥ig. 2 1s & modification of the same, ar-
ranged to give a symmetrical phase :fe:::umﬂ

of the Wmdmg, and I‘lgs 3. &nd 4 show tﬂe
same principle applied to windings of mmar-
ent pole numbers and d1ﬁ.ezem nuinbers of
phases. |

In Fig. 1, N, &5, ete. wpms,em the poles m
the field mzzfrnet fmd . the Aammated and
slotted a nature core
ternating-current machine. The core A 1s
provided with a three- }11*15@, winding, ine
three-phases mer‘ represented by 3, L and
D. The coils of each phaﬂe are Cmm@ctefl
to each other in the usual manner, and the

three phases may be connected 1n either ¥

OT delta. In the drawing, the Y-connection

is 1llustrated, the free ’tewun a1s of the 'ﬂhaﬁeh

being indicated by &, ¢, €, 1{3’%}_}%@: Nel

ana
the common tem'lmm f:} neutral w o

Fam
o

| assist in dis tmgulshﬂm the phases from each

other, the coils compm"iﬁ§ them are 1ndi-
cated by different kinds of lines. The coils

lines, the coils of phase C by dotted lines,
and the coils of phase D by heavy full ii nes,

36 coils are shown, 12 coils per phase, and 2

colls per pole per ‘:)ha&e but the armature,

0{ 2 Sjrnchrmwus al-

64

75

o1 the voltages induced in the several phases

30

90

4o

of the phaqe B are nuimmea by tht fall -

IRELY

mstead of having 36 s_..csts which would be- h

the usual number has 37 510‘5:5 The result

is that two of the slots are only half filled,
each cantammg only one coil connductor or
‘set of conductors, instead of two.

Wurtlier-

more, the pitch of each coil is slightly 1@-55

the
, and the pole-pitch

than the pole-pitch of the held-maguei

1456

!l
Jorb
o
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being 64 slots. Consequentiy, corres ponaing - ever, displaced 3 slats from the correEnond.
coils of the SN0 1111-«f‘= under difterent pn‘u Sy eolls of phase B3 ’.thu etal displace-
OCCUPY b]iﬂ‘ht]*) difioront }‘:0' 1O ‘ﬁ]*H re- o oment ef phinae <, with respect to :;}’m_;gg i3,
) "':P“CE Lo 'Lh(} -~ lJﬂiil‘ﬁ. S0 that w LL*L‘H e 1Y {jf,!}_!h_', av o STUDINGE 1_;1_} 14 itfil"'ﬂt‘“" _ﬁ.i{j T
o LOIHPI] l]“ Q‘ILh lull”n{‘ zlli_ L ii";:(]'l'f:d ]1 | hj;‘” L {jt;_ > *-ql{* o) {'{ ‘u* ‘-;1(,.:1~ =:H{‘- - :j;(}ij.,; l
1

N
tligh f‘leLUHh to the se veral ?;olw. towidl o displaced 8 siols cach=26 coil-slets, maling
be seen that there s an effeet of o a:v.-mg_}_le'{j ca tofal of 20 cotl slots displacement.  This
distribution of the coil conduciors, o that Cutnoer divided by 18, the mimber of coils

i

an even wave of mduend eleetrom u*}u toree,  gives 3 ax the ;5"1.-'{::1'::.;3;4& corl disnlueeinent,
+¢ without harmonies, wiil be produeed, A ow the pitch of the field-poles 1s v oo
The arrangement shown i1 It 1, while the vuimber of slois dividod by Lhe number
tho ])"L,!LLI able e mgement  for o sinele- - of field polese—that de P2 ar U and Froim
' . phase machine, is not the most schvintageons  this 1 1 seen that the s voragre coll Jdisplace.
for a 1*0111}11:1&-0 machine, since the vollnoes - ment sahove given as ey Boof the pited
15 ot the phases 13, i e 1'11__:t exvietly ol the feld poless Yo Gihier worde tho voll o
120° gpart in phase.  Ou the conty ey, witho inges induced I phosos 1 oand O are e
such an arrangement as Fig 1 11‘1“3'3 15 3w ploead Teom enell oflor be o0
depariure o an exact Hli'f"‘f‘-i*im 50 rel- A0 order (oodotermine thn ninbee oF viois
tion equal in uwuw to D80 divided by the and Uie arraneoraoig of Ui colle in f,
¢ number of phuses (hoes Hhe tota) munhor o Cthe followinz Formuoln may o v loyed, o
slots. This pros ilf"h 11 "L’m:: case Hustvated | 1F the windine = of fhe (ool per slof
:
|

* T " .1- Ly T y Wpop R 1. .0 3 [ .. 1. .. Ty 1y 3 s . .l,-,. Py
in JJN. 1.. 14 Dy o= ‘ill SOU Gdiviaoed by YOO STIONW I, The bbbt o1 ot SRR

this, conals a_{}lnuum‘ ;'f u‘”. She vol-
fagees between Dhases 13 |

ases B3 and £ ;y COTER( R

25 instead of {111{,1111'? i1 3:11;w~9 iur:;.q.f 12072, o i
diffex ‘11}1“{”‘““&“}5 LErP Wheve s the g, winel O counls the wmaber of 2nils
same phase difference between ( and Db e cunals e number o RTINS
while between I and 13, theve is 4 difference | {.W;g; the nembor of polos . {.,-[}*f;;'};_ﬁf[;}
of approximately 126°.° It shonld bhe under- ! Dnbiee of coile <hifiod il rect e

56 stood that this difference is grenter Cother colls of the i;']"*.“"“ - ‘,;,. Li."f.]im.}f-f% NI E
would oceur in any unnm*ru omachine |0 ,,_{* <lots that tho=e eoils ave shifted
thus arranged, since for the sake of clenrness oand g must be so choson that ibe gt it
of illustration a very smalt number of siols [, o400 “,,; Voappeai we Brclors sy be o
has been selected.  In a three-phase machine Cwhole anobor. A sptvine this formuda to

35 01 20 poles and 2 coils per phase per pole, | Wi, 9 woe have T T g
the number of slots would be l‘v’i and the 7 77 7 T (557t
departure from o true three- pl hase relaiion | 12505+ o ee S0 Ty
would be less than 1°. 1, however, the o T
number of slots be properly ([““'} eny and the " The vilues of o and omnisi toevefore, he

40 (*011*: be properly arranced in the slots, o Csueit that their produet i divisibie by 20 o5

xact - three-phase relation may veadily pe Lo {‘{El’ﬂillir}’: ciibicr o or oy oy be Loand
{Jb[‘mlt,d. Such an arrs meement 1 snowin o the other 200 Ty fuer, perangeient of
in Ifig. 20 In thiz ficure the nuwnboer of ¢ e 2 may Lo deseribod Ly s vmz i:z_:;z. 3L O
field- ]mJL%‘ and the i!lllnll}“l of ~cails and | coils of plinse O are shifted one <ot o L

45 phases ave the same ag in i oo Lo but 89 ooe cotl s Shifted two sloie {luf!;: Firess Hio
slots are emiployed, instead of 97, Further © values 1o a0 il o tnkios The totad wnngber of
morve, while the winding of phase 13 e the  <iois Sdons snown gn the fienre.
same 1n g, 2 as in Do 1, the Gwe viehi- Pros B oshows aoshnilar arran oenent, {he
hand coils of Ih ase U in Fio. 9 ave shifted  nuniber of poles 1n this ease h:‘_a‘in;: 1, 1o

20 one slot toward the vieght, while the two o onnber of alols St ad The namboer of 1105
jacent coils of phase D are shifted fwo slois phases 30 as before, his gives o ;f)h,, gk TEa!

Ll

toward the yight, {)1 what ainounis to the  of 23 slols ner pole. and B ocells por noje
came thing, looleed at from the iclt-hund * per Uhase. Fhe vernee, coil hapl coment
end of the {1::-1 e, iwo coils uf phase Iy ave heiween cach of the phases is " sl ifj 0116

shifted cach one slot to the left. That this coil of phase €0 bheing shifled iwo slots (o |

coil arrangement gives a frie three-phase - the vighe, and one cotl of phase ) two slots

Ty ——rey
-~
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At

relation GJ_ induced volinges, will be scen Cthe efl to obitnin this ;_n.m_'nw CodL iig-
from the following consi derntion. Uompar- - plrcemend.

g phases 13 and €, 16 will e scen Lhat ench e < shows ay inveniton anplied {o s

60 pliase hus 12 coils. The coils of phnse B bwo-phase, siv-pole nmehine hn ving 1@ f;ui'{r-"; 125
ave all regularly arvanged, and 10 cotls ol ner pole per phase, and 38 slofs 0 the ae-
phase & are --“nlulv arranged,that is, o ambire. e terminnls of _H._(:,.-__m:. 2 ave
cach coil of phase U s displaced 2 dots fronr shown at 7 lry andd the feerminals of vhase 1
Lhe CONIesPe onding coils of plase B, e ab ool B ift'}i}ﬁ 02} pf!:r't* -"f,,f nre shiffed one __

y e *
it i_JLx.n:;‘._L

bY two righit-be and coils of phase O are
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way, one coll is shifted 3 slots to the right,
as viewed at the right-hand end of “the
figure. The averaﬂewml displacement be-
tween the phases 1s ‘ﬁ‘ slots, which 15
the pitch of the field poles, w h1eh 15 5% or
10 i]{}’(m

My invention 1s applicable to a machine

51

. of any number of phases and any number

15

20

30

35

~uniform pitch. carried in the slots, the slots®
being evenly spaced and the Immber of slots -

40

of coils per hole per phase, as well as to

other types of winding than that shown in
the drawings. C onc,(,quently I do not de-
sive to limit myself to the particular con-
struction and arrangement of parts here

‘shown, but aim in the appended claims to

cover all modifications ‘w}mh are Wuhm the

scope of my 1nventio:.

What I claim as new and desire to secure

by Letters Patent of the United States, is—

1. A synchronous alternating _current ma-
chine, having a field mannet with evenly
spaced poles, an armature core having evenly
spaced slots in number 111d1v1%1ble by
number of field poles, and an armature Wll’l(].
Ing comprising coils all of the same pitch
carried 1n sald slots, the number of armature
coils being an exact multiple Oﬁ the number

of field oles | | i
2. A synclu onous alternating-current ma-

chine, having a field mag net with evenly
f-;pfwed_ poleb, a slotted .,1rmatule core, and

an armature winding comprising coils of

uniform piteh carried in the Sl(}ts the-slots
bem% evenly spaced and slightly greater 11
number than required to contain said coils.

3. A synchronous alternating-current ma-
chine, having a field maﬂnet with evenly
spaced poles, a slotted armature core, and
an armature winding comprising coils of

per pole being an integer plus a fraction,
the number of armature coils being an exact

multip le of the nuber of field oles

4. A synchronous alternatmg—current ma, |

the

e e ———E—

- -
[ Je—ara—" T a— A e e ] 1
Ll

&

chine, having a field magnet with evenly
spaced poles, a slotted armature core, and a
polyphase armature winding composed of

- colls of uniform pitch carried in the slots,

the slots being evenly spaced and Sllﬂ‘htl}T
oreater in number than required to contain
said colls and certam of the coils of certain
of the phases being shifted so as to give the
desired phase relation botween the m]hwea
induced in  the phases of the {11111‘1‘[1110
winding.

5. A s synehronous alter nating-current ma-
chine, having a field maﬂ'net with evenly

&,p.-lcul polea an armature core having evenly
. spaced slots in number indivisible by the num-
- ber of field poles, and armature coils all of

the same piteh carried 1 said slots-and con-
nected m a IJ].llI'dlllV of phases, certain of the
coils of certain of the phases being shitted

| so as to give the desired phase relation be-

tween. the voltages induced in the phases of
the armature w mdmﬂ‘

6...A synchronous “1]191‘1‘111;1110' current ma--

chine, having a field m‘wnet with evenly
spaced poles, an armature core having evenly
spaced slots in number indivisible by the
number of poles, and an armature winding

comprising coils carried in but not entnely

hlhnn* all of sald slots.

A synchronous alternatmﬂ‘-current ma-
chme having a field magnet with evenly

'&,pqced poles an armature core having uni-

formly spaced slots, and an armature Wind-
Ing COmprising coils carried in said slots, the

number of coils being a multiple of the num-

ber of field poles zmd the number of slots be-
Ing shfrhtly oreater than requlred to contain
Sald colls.

In witness whereof, 1 have hereunto set
my hand thlS 31st day of March, 1908,

LAURENCD A. HATVKINS
Wltnesses

HewrLgrr SGUDDER, J r.,
HBLEN* OrroRp.
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